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C BY-NCAbstract Objective: The purpose of our study was to describe the MR appearance of mucoid
degeneration of the anterior cruciate ligament and to address its clinical signiﬁcance.
Patients and methods: A database search of 2000 knee MRI examinations revealed 32 examinations
(Chart 1) with reported mucoid degeneration of the anterior cruciate ligament.
Results: Of 32 examinations that met imaging criteria, all patients (100%) had different degrees of
mucoid degeneration. Associated ganglia were seen in eight patients; located in the proximal liga-
ment in four examinations (12.5%) and the distal ligament in two (6%) and involved the mid-por-
tion of the ligament in two (6%).
Intra-osseous cysts were noted distally in 15 examinations (47%), proximally in four (12.5%) and
on both sides in six (19%). All our patients had accessible medical records; no clinical evidence of
instability was reported.
Four patients who underwent arthroscopy had an intact anterior cruciate ligament at that time.
Conclusion: Anterior cruciate ligament mucoid degeneration has speciﬁc MRI features and should
not be misdiagnosed as partial or total tear, and typically not associated with ligament instability.
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Mucoid degeneration of the ACL is a rare process that has
been described in a few reports (1). With increasing use of
magnetic resonance imaging (MRI) to evaluate the knee, a
number of cases have been accumulated to date (2).
The pathogenesis of mucoid degeneration of the ACL re-
mains unknown. Some theories suggest that it may simply be
the result of senescent degeneration, while others suggest that
it may evolve from the synovial tissue entrapment between
ACL ﬁbers, either congenital or acquired (3). Trauma has also
been proposed as an etiologic factor (4) since it is considered a
Chart 1 Prevalence of mucoid degeneration in the studied
population.
228 K.A. Matrawy et al.likely cause of tendon mucoid degeneration and many patients
with ACL mucoid degeneration have a history of mild or non-
speciﬁc trauma (5).
Patients with this condition characteristically do not com-
plain of knee instability, and the Lachman test (for evaluating
the integrity of the ACL) is typically negative. It is a disease of
the elderly, probably related to degeneration and aging. Clini-
cal data are often non-contributory with respect to the anterior
cruciate ligament, and most patients are referred for imaging
studies as having nonspeciﬁc pain, osteoarthritis, or a sus-
pected meniscal tear. It may be difﬁcult for general radiologists
to achieve this diagnosis because of the lack of references to
this subject in the major textbooks. Nevertheless, mucoid
degeneration of the ACL is an already well-deﬁned entity, with
established MRI criteria for its diagnosis (6).
On MR images, the criteria for mucoid degeneration
include a bulky ligament of increased signal intensity on
images obtained with all pulse sequences, with discrete ﬁbers
easily distinguished on T2-weighted images but poorly differ-
entiated on T1-weighted and intermediate-weighted images.
Degeneration may involve either the posterolateral or antero-
medial bundle of the anterior cruciate ligament (6,7). Mucoid
degeneration may coexist with ACL ganglia, as well as with in-
tra-osseous cysts at the femoral and tibial attachments, most
commonly at the tibial insertion (4).
The individual ﬁbers may be difﬁcult to see, especially in
T1WI, but are more conspicuous in T2WI, and the sagittal
images are the most important in this setting, showing the
ACL its entire length. Both bundles of the ligament (anterome-
dial and posterolateral) have to be intact in their entire length
to exclude the partial tears (1).
There is an association between the intraligamentous gan-
glion cyst of the ACL and its mucoid degeneration, and it is
believed that they may represent a continuum of degenerative
changes. Although both conditions most often occur indepen-
dently, it has been recently demonstrated that they frequently
coexist (4,6).Fig. 1 Sagittal T2 (TSE) demonstrates celery-stalk sign. High-
signal-intensity ACL is seen with low-signal-intensity ﬁbers
running parallel to its long axis.Patients and methods
This is a retrospective study. A database search of 2000 knee
MRI examinations revealed 32 examinations with reported
mucoid degeneration of the anterior cruciate ligament (Chart
1).
Unenhanced MRI of the knee was performed using multi-
ple machines:
A 1.5-T closed MRI unit (Avanto, Siemens) with a dedi-
cated knee coil.
A 0.35-T open MRI unit (Magnetom C, Siemens) with a
dedicated knee coil.
A 0.2-T open MRI unit (Airis mate, Hitachi) with a dedi-
cated knee coil.
Imaging criteria for mucoid degeneration included ill-de-
ﬁned ACL on T1-weighted and proton density-weighted
images but with both bundles seen as intact on T2-weighted
images, increased girth compared to normal, increased signal
intensity on all sequences, normal orientation of the ligament,
and celery-stalk appearance (Figs. 1 and 2).Knee MRI examinations that did not meet the criteria for
anterior cruciate ligament mucoid degeneration were excluded.
Examinations were also excluded of patients who had a history
of trauma to prevent the potential inclusion of an injured ante-
rior cruciate ligament. Patient symptoms, clinical assessment
of the anterior cruciate ligament by an orthopedic specialist,
as well as arthroscopic reports, were obtained from patient re-
cords when available. Four patients had arthroscopic surgery.
No positive signs or symptoms of knee instability are noted in
the medical reports of the chosen patients. Stability of the
anterior cruciate ligament was assessed by an orthopedist using
Lachman’s test.
Fig. 2 Coronal T2WI with fat saturation demonstrates the
characteristic ‘‘celery-stalk’’ pattern; both ligamentous bundles
(anteromedial and posterolateral) are intact.
Chart 2 Prevalence of associated ganglia in mucoid degenera-
tion in the studied population.
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Of 32 examinations that met the imaging criteria, all patients
(100%) had different degrees of mucoid degeneration. In 30
examinations (93%), mucoid degeneration involved the entire
anterior cruciate ligament. In two examinations (7%), mucoid
degeneration involved the distal half of the anterior cruciate
ligament only (Fig. 3 and Chart 3).
Associated ganglia (Chart 2) were seen in eight patients; lo-
cated in the proximal ligament in four examinations (12.5%)
and the distal ligament in two (6%) and involved the mid-por-
tion of the ligament in two (6%) (Figs. 7–9).
Associated joint effusions were small in 16 (50%) examina-
tions, moderate in six (18%), and large in two (7%). On eight
(25%) examinations, no appreciable joint effusion was present.
Chronic synovitis was seen in eight (25%) patients mani-
fested as irregular posterior border of Hoffa pad of fat andFig. 3 Sagittal PD fat suppression WI (left) and T2WI (right) of two
thirds of the ACLs.detectable synovial thickening lining the supra-patellar pouch
seen as intermediate T1 signal compared to the low signal of
the synovial ﬂuid (Fig. 5 and Chart 4).
Intra-osseous cysts (Chart 5) were noted distally in 15
examinations (47%), proximally in four (12.5%) and in both
sides in six (19%). The mean diameter of intra-osseous cysts
was 3.5 mm at the tibial insertion and 4 mm at the femoral ori-
gin (Figs. 4 and 6).
All our patients had accessible medical records; no clinical
evidence of instability was reported.
A 60-year-old female patient (Fig. 5) had a bilateral mucoid
ACL.
In the 32 cases, (18 men and 14 women) (Chart 6), age ran-
ged from 35 to 60 years, and none reported any major trauma
history. All patients complained of knee pain.different patients showing mucoid degeneration of the lower two-
Chart 3 Extent of involvement of anterior cruciate ligament in
the affected population.
Chart 4 Prevalence of synovitis with mucoid degeneration in the
studied population.
Chart 5 Prevalence of intra-osseous cysts with mucoid degen-
eration in the studied population.
Fig. 4 Sagittal T1WI shows the club-shaped appearance of the
degenerated ACL, with ill-deﬁned ﬁbers. Small intra-osseous cyst
is seen evident at the tibial ligamentous attachment.
230 K.A. Matrawy et al.Four patients who underwent arthroscopy had an intact
anterior cruciate ligament at that time.
Arthroscopic ﬁndings are usually intact ACL without any
laxity, but the ACL shows external expansion or bulging
appearance. Also yellowish discoloration of the ACL is noted
during arthroscopy (Fig. 10).
Charts 1–5 demonstrate the prevalence of other MRI ﬁnd-
ings associated with mucoid degeneration.
Discussion
Mucoid degeneration of the ACL is an already well-deﬁned
entity, with established MRI criteria for its diagnosis (6).Mucoid degeneration of the ACL is suspected when an
apparently thickened and ill-deﬁned ligament with increased
signal intensity on all sequences in MRI is identiﬁed in a pa-
tient with a physically intact ligament and no obvious trauma
history (7).
Our imaging criteria for mucoid degeneration recognized in
the current study included ill-deﬁned ACL on T1-weighted and
proton density-weighted images but with intact ﬁbers on
T2-weighted images, increased girth and signal compared to
normal orientation of the ligament, and celery-stalk
appearance.
Mucoid degeneration of the ACL has been regarded as rare
since its ﬁrst imaging description (8), and even some of the
Fig. 7 Sagittal T2WI shows a well-deﬁned proximal intraliga-
mentous ganglion cyst of the degenerated anterior cruciate
ligament.
Fig. 6 Sagittal T2 gradient WI shows small intra-osseous cysts
evident at the femoral and tibial ligamentous attachments.
Fig. 5 Coronal T2WI with fat saturation (upper left image) and sagittal T2WI (upper right image). Coronal T2WI with fat saturation
(lower left image) and sagittal T2WI (lower right image) of the left (upper) and right (lower) knees of a 60-year-old woman. There are
symmetrical and bilateral changes of both ACLs compatible with mucoid degeneration. Small ganglion cyst is seen at the proximal portion
of the cruciate ligament in the left knee in the T2-weighted sagittal images. Bilateral degenerative changes and mild chronic synovitis are
also noted. Right medial collateral ligament bursitis with loose bodies is noted.
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Fig. 8 Sagittal T2WI displays two small ganglions proximal and
distal to the degenerated anterior cruciate ligament. Note the high
signal intensity of the cystic areas (similar to that of the synovial
ﬂuid) in contrast to the intermediate signal intensity of the
ligament itself.
Chart 6 Gender prevalence in patients with mucoid degenera-
tion in the studied population.
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uncommon occurrence (3,6,9), with most articles based on case
reports. However, a recent paper suggested that the real inci-
dence is probably higher than previously believed (4).
Prior reports have indicated that the anterior cruciate liga-
ment mucoid degeneration seems to be largely misdiagnosed as
partial ligamentous tears (6,9).
Mucoid degeneration is often mistaken for a chronic or
acute interstitial tear at MR imaging (3,6,9). Abnormal signal
intensity of the ACL is one of the primary signs of a tear but,
unlike tears, in mucoid degeneration there is no discontinuity
of the ﬁbers, and secondary signs of tear are absent (6). The
absence of clinical signs and symptoms consistent with insta-
bility also helps to avoid misdiagnosis (10).Fig. 9 Sagittal T2WI (right) and PD fat suppression (left) show an
degenerated anterior cruciate ligament.The main differential diagnosis and the most important er-
ror to avoid in this setting, as previously described (6) is a tear
of the ACL. In our experience, we have seen many cases of mu-
coid degeneration misdiagnosed as partially torn ACLs. How-
ever, if the above-described criteria are strictly followed, this
differentiation can be safely done. Furthermore, clinical corre-
lation is crucial, as long as patients with mucoid degeneration
of the anterior cruciate ligament typically neither have a his-
tory of trauma or instability nor present a secondary stigmata
of a ruptured ACL (such as bone bruises or anterior tibial sub-
luxation), helping to rule out a ligamentous tear.
We have chosen the title of this paper to highlight that the
mucoid degeneration of anterior cruciate ligament is really fre-
quently under-diagnosed based on daily practice because a lot
of knee MRI reports are written by radiologists who are not
experienced in MSK imaging.other well-deﬁned proximal intraligamentous ganglion cyst of the
Fig. 10 Case 2: Arthroscopic view of the anterior cruciate
ligament (ACL) shows yellowish discoloration within the ACL
over the left knee.
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strictly the imaging criteria of mucoid degeneration in conjunc-
tion with the clinical data, a considerable number of mucoid
degeneration will be diagnosed instead of partial or complete
tears.
J.L. Fernandes et al. (4) stated that, in daily practice, most
subjects will not have surgical conﬁrmation of imaging ﬁnd-
ings, as long as this group of patients characteristically do
not have the signs of instability and, as such, do not demand
surgical repair of their ACLs. Furthermore, since they are typ-
ically middle-aged or elderly, other causes of knee pain often
coexist, such as meniscal tears (most likely to be degenerative)
and osteoarthritic changes, that could explain their symptoms
and are frequently not amenable to surgical correction.
MRI is superior to arthroscopy in diagnosing intrasub-
stance ligamentous abnormalities, and the diagnosis can and
should be done based on imaging, since the clinical exam is
also fairly insensitive. The ﬁnding of a clearly abnormal
ACL strictly fulﬁlling the imaging criteria mentioned above
and not associated with knee instability should not give a mar-
gin for error (4). This was in agreement with our results that
were conﬁrmed in four cases with arthroscopy showing theintact anterior cruciate ligament in conjunction with MRI fea-
tures of mucoid degeneration as well as the absence of clinical
manifestations of instability.
In conclusion, mucoid degeneration of the anterior cruciate
ligament has a very characteristic appearance at MRI and seen
in patients without an evidence of knee instability. Radiolo-
gists should be aware of this condition that it is often misdiag-
nosed as a partial or complete tear of the ACL.Grant support
None.
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